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RESUME 
Cet article décrit le processus de planification pour la mise en route pilote d’un outil 
d’aide à la décision pour le control global des stations de pompage du réseau d’eaux 
usées de Berlin qui est en cours de réalisation jusqu’à la fin 2006. L’objectif de cet 
outil de contrôle est la gestion de la capacité de stockage interne des canalisations 
afin de réduire les débordements. Cet article présente l’évaluation du potentiel de 
régulation du réseau, basée sur l’analyse de mesures réelles et de simulation 
numérique. De plus la structure de la procédure d’aide à la décision est illustrée. 
ABSTRACT 
The paper describes the planning process for the pilot implementation of a decision 
support system (dss) for global control of sewage pump stations in Berlin, which is 
going to be realised by the end of 2006. The objective of the control concept is to 
systematically manage in-pipe storage capacities in order to reduce cso. The paper 
presents the preliminary assessment of the system’s control potential based upon the 
analysis of operational figures and numerical simulations. Furthermore, the structure 
of the decision support systems procedure is illustrated. 
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1 INTRODUCTION 
For many years now, real-time control (rtc) of the urban drainage system has been 
applied where deficiencies of the traditional collection and transport of wastewater 
could be compensated by influencing and controlling flow and storage processes. The 
objective of rtc is to even up the highly unsteady processes within the sewage system 
so that adverse effects like flooding or combined sewer overflow only occur after full 
utilisation of collection and storage capacities. First experiences have been gained in 
the USA in the 1970s (Schilling, 1985). Later on, in Europe too, rtc has been applied 
to manage systematically existing drainage assets and thus to utilise the maximum of 
the systems capacities (Schilling, 1994; Erbe, 2002). In the frame of academic work 
the development of integrated control concepts for sewer network and wastewater 
treatment plant has been furthered in the last decade. Partially, the integration of the 
receiving water and its processes has been taken into account, too (Meirlaen, 2002; 
Seggelke, 2002). A review of the current state of the art of real-time control of urban 
wastewater systems give Schütze et al. (2004). 
In Berlin, Germany, the demand for enhanced protection of the environment and the 
growing economic pressure have led to an increased application of control concepts 
within the sewage system (Schroeder and Pawlowsky-Reusing, 2005). With an official 
directive in the year 1998 the federal state of Berlin called for a noticeable reduction 
of discharges (volumes and pollution loads) from the combined sewer system. 
Concerning the volumes the discharge rates of combined sewer overflows (cso) and 
storm water tanks shall fall below 25 % of the average annual rainfall runoff volume. 
Concerning the pollution loads of COD, BOD5 and TSS the discharge rates shall fall 
below 20 % of the average annual load of the rainfall runoff. To meet these 
requirements additional storage volume is built. Furthermore, actuators are 
implemented within the sewerage to increase the dynamic storage of wastewater in 
case of rainfall. These actuators are movable weirs, sluice gates, sluice boards and 
pumps. 
However, most of the actuators operated today are controlled on the basis of local 
control strategies. Concepts of global control have not yet been realised due to the 
higher effort in planning and implementation. This paper will report on the planning 
process for the pilot implementation of a decision support system for global control of 
sewage pump stations. The decision support system is going to be realised in Berlin 
by the end of 2006. The paper will present the preliminary assessment of the 
system’s control potential based upon the evaluation of operational figures and 
numerical simulations. Furthermore, the structure of the decision support system will 
be illustrated. 
2 SYSTEM DESCRIPTION 
In Berlin 3.5 million inhabitants and an area of around 900 km2 are connected to the 
sewage system. The total length of collectors is around 9000 km. Three quarters of the 
area is drained via the separate system whereas one quarter of the total area (the city 
centre) is drained via the combined system. The wastewater is pumped by 149 pump 
stations and over 1000 km of pressurized pipelines to six wastewater treatment plants 
(wwtp) for mechanical and biological treatment. As a matter of fact, there is not one wwtp 
that is directly connected to the collection system. Any cubic meter of wastewater is 
pumped to the treatment plants. On average, a total of approximately 635000 cubic 
metres of wastewater are delivered and cleaned per day. 
As a result of the historical decentralised concept for the combined sewerage and due 
to low topographic gradients the bulk of the in-pipe storage capacities are controlled 
by pump stations. The pump stations deliver the wastewater to the treatment plants 
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and act simultaneously as variable throttles in case of rainfall events. When 
exceeding the maximum pump capacities the combined water is stored within the 
sewer network until a critical level is reached and there is cso. The total in-pipe 
storage volume accumulates to 125000 m³ corresponding to an average specific 
volume of 15 m³/ha Aimp. In addition, 25750 m³ of storage volume are available in the 
form of storm water tanks. 
A preliminary study, carried out in 2004 and 2005 on the basis of a numerical model 
of the drainage system, has proved the potential of globally controlling pump stations 
within the Berlin combined sewer network (Schroeder and Pawlowsky-Reusing, 
2005). Thereupon, the Berliner Wasserbetriebe (Berlin Water Company), who is the 
operator of the system, decided to carry out a pilot operation at a limited number of 
pump stations to test the control concept. 
During pilot operation the control concept will not be implemented as a fully 
automated system but in form of a manual control. For these purposes a decision 
support system (dss) incorporating the control algorithm will be built and installed at 
the central control room. At the central control room all information concerning pump 
stations and storage facilities is collected and monitored. The dss will directly be 
linked to the existing scada system and provide the operational staff with additional 
information to control the pump stations in a coordinated manner. 
 
Figure 1 : Pilot catchment for global pump station control in the north of Berlin 
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Catchment   Bln IV Bln V Bln XI Bln XII 
Total area ha 726 675 515 418 
Impervious area ha 576 510 449 323 
Population - 96880 88960 91050 62690 
Dry weather flow m³/d 19730 14910 14020 11130 
Number of csos - 101 18 5 18 
Storage volume m³ 6160 15170 4150 5200 
Specific storage volume m³/haimp 10.7 29.7 9.2 16.1 
Table 1 : Characteristic figures of the catchments under study 
 
The pilot catchment covers 14 sewage pump stations, four of them at the combined 
sewer system. The catchment has a population of 816,000 inhabitants. The average 
daily wastewater volume of 93,000 m³ is delivered to wwtp Schönerlinde in the north 
of Berlin for mechanical and biological treatment and nutrient removal (rain weather 
capacity: 3,500 l/s). Figure 1 gives an overview of the pilot catchment. 
The control concept will be applied to the four combined sewer pump stations. 
Table 1 gives characteristic figures of the catchments that are drained by these pump 
stations. The delivery of the other pump stations, which are locally controlled, the 
pressure situation in the pressurised pipes and the variable capacity of the wwtp will 
be taken into account as boundary conditions. The objective of the control concept is 
to make coordination between the deliveries of the four pump stations in order to 
manage the in-pipe storage capacities and realise a uniform utilisation. Thereby, a 
mitigation of combined sewer overflows shall be achieved while respecting the 
capacity of the wwtp. 
3 PLANNING METHODOLOGY 
The conceptual planning of the dss was based on a review of the current technical 
system. The review covered the pumping equipment and associated machinery, the 
connected drainage systems as well as the scada system and the underlying process 
measurements. 
Furthermore, an assessment of the system’s control potential has been carried out. 
The assessment based upon the evaluation of operational figures and numerical 
simulations.  
Operational data was made available by the scada system. Following measurements 
have been taken into account: 
• Water levels at the inflow to pump stations (near to main csos) 
• Pumpage 
• Pressure situation at pumps 
From the level measurements number and duration of cso events have been derived. 
The assessment and evaluation of cso volumes was set aside due to the high degree 
of uncertainty in calculating cso volume from water level measurement. The 
information about the occurrence of cso has been analysed to identify phases when 
storage volumes had been used non-uniformly at the different sub systems. The 
information about pumpage and pressure situation at the pump stations has then 
been used to check if a variation of delivery during these phases and hence a more 
uniform utilisation of storage capacities had been technically possible. 
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In parallel numerical simulations have been carried out to test different scenarios of 
pump station control and to assess the effect of global control on cso volumes. For 
modelling sewers and pump stations the dynamic flow routing model InfoWorks CS of 
Wallingford Software Limited was chosen. The network has been built up in a 
skeletonised form, nevertheless accounting for the total available storage capacity. 
Combined sewer overflows as well as actuators for real-time control have been 
considered in detail (Schroeder and Pawlowsky-Reusing, 2006). 
Both, results from data analysis and results from system simulation are stated in 
chapter 4. Finally, these results and the information from system review have been 
used to design the structure of the dss and the underlying control strategy. 
4 RESULTS FROM DATA ANALYSIS AND SIMULATION 
The analysis of cso events has been carried out from January to October 2006. 
During that time 90 rainy days have been observed. Figure 2 shows the number and 
duration of csos at the four combined sewer pump stations. For both, number and 
duration a strong variation between the subsystems can be observed. This variation 
can mainly be ascribed to the different available storage capacities (see Table 1). A 
correlation was found between the number of cso events and the specific storage 
capacity (in m³/haimp) with a correlation coefficient of R²=0.69. 
The difference in the relations between number of events and total cso duration per 
pump station can be explained by the different properties of the subsystems 
concerning storage volume, areal extension and gradient of the sewer network. 
Further on, to asses the control potential of the system those cso events have been 
analysed that took place while somewhere in the system storage capacities had been 
free. For each pump station those events have been identified that took place while at 
least at one other pump station there was no cso. Thereby, for each pump station we 
distinguish between: 
• Phases when at the same time there was cso at another 1-2 pump stations. 
Hence, there was free storage volume at one or two pump stations. For those 
events we assume a small control potential. 
• Phases when at the same time there wasn’t cso at any other pump station (“sole” 
cso). Hence, there was free storage volume at all other pump stations. For those 
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Figure 2 : Number and duration of csos at the four combined sewer pump stations 
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Figure 3 : Total duration of cso events, duration of phases with simultaneous cso at another one 
or two pump stations and duration of phases with cso at only one pump station (“sole” cso) 
 
Figure 3 visualises for each subsystem the total duration of cso events as well as the 
duration of the phases according to the definition above. During approx. 40 % of the 
total overflow time of each pump station there is free storage volume at another one 
or two pump stations. Furthermore, there are also phases of “sole” cso at each 
subsystem. E.g. at subsystem Bln IV the phase of “sole” cso accumulates to 43 % of 
the total overflow time. The figures illustrate that in the majority of cases when there is 
cso at one of the pump stations somewhere in the system storage capacities remain 
under-utilised at the same time.   
In parallel to the data analysis numerical simulations have been carried out to test 
different scenarios of pump station control and to assess the effect of global control 
on cso volumes. The simulations that have been run for one year of rainfall show that 
the distribution of cso volumes over the four subsystems is comparable to the 
distribution of cso durations found by data analysis. However, in contrary to the 
conclusion drawn after data analysis there is no control potential regarding pump 
station Bln IV. The cso events at this subsystem are too dynamic to be compensated 
by the other pump stations. 
By globally controlling the system of these four pump stations total cso volumes can 
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Figure 4 : Simulation-based comparison of cso volumes under local and global control 
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5 STRUCTURE OF THE DECISION SUPPORT SYSTEM 
The structure of the dss has been divided into 6 blocks. The flow chart given in 
Figure 5 illustrates the operation sequence and the interrelation of the blocks. 
The dss runs in a loop for as long as the operator doesn’t stop the program, which is 
usually the case at the end of a rainfall event and after emptying the storage 
reservoirs. 
The first block treats the data acquisition. All data that is necessary to run the 
control algorithm and to produce the decision devices is collected. Therefore, a direct 
interface to the scada system is used reading information about rainfall, water levels 
in the trunk sewers and pumpages. Furthermore, user input about the current 
hydraulic capacity of the wwtp is recorded. 
Thereupon, data validation is carried out. The process is based on plausibility tests 
checking if the available set of data is error-free and sufficient to be used for the 
decision process. 
From the raw data state variables like the storage utilisation of the different 
subsystems are calculated. The variables will be used by the control algorithm and for 
displaying additional information for the user. 
On the basis of the state variables the control algorithm will calculate set points for 
the pumpage of the four pump stations. The objective is to achieve a uniform 
utilisation of the storage volumes throughout the combined sewer system. A basic 
description of the control concept is given by Schroeder et al. (2004). 
The decision advice (to set the pumps according to the results of the control 
algorithm) is shown on the display. The user is asked to confirm if he has carried out 
the accordant action. Furthermore, some characteristic figures about the state of the 
system (storage utilisation, load on wwtp) are visualised as additional information 
for the operator. 
Whenever the user confirms that an advice has been put in execution the information 
is written to a log file for subsequent analysis and evaluation. 
 
Figures 5 : Flow chart of the basic blocks of the decision support system 
6 SUMMARY 
The paper gives an overview of the planning process for the pilot implementation of a 
decision support system (dss) for global control of sewage pump stations in Berlin. 
The dss will directly be linked to the existing scada system and provide the 
operational staff with additional information to control the pump stations in a 
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coordinated manner. The decision support system is going to be realised by the end 
of 2006. 
The pilot catchment covers 14 sewage pump stations, four of them at the combined 
sewer system. The control concept will be applied to the four combined sewer pump 
stations. The delivery of the other pump stations, which are locally controlled, the 
pressure situation in the pressurised pipes and the variable capacity of the wwtp will 
be taken into account as boundary conditions. The objective of the control concept is 
to make coordination between the deliveries of the four pump stations in order to 
manage the in-pipe storage capacities and realise a uniform utilisation. Thereby, a 
mitigation of combined sewer overflows shall be achieved while respecting the 
capacity of the wwtp. 
The paper presents the preliminary assessment of the system’s control potential 
based upon the analysis and evaluation of operational figures and numerical 
simulations. The analysis of the operational figures showed a non-uniform utilisation 
of storage capacities at the four subsystems. In the majority of cases when there was 
cso at one of the pump stations somewhere in the system storage capacities 
remained under-utilised at the same time. The simulations carried out with the 
dynamic flow routing model InfoWorks CS showed that by global control total cso 
volumes can be reduced by around 10%. 
Furthermore, the structure of the decision support systems procedure is illustrated. It 
covers data acquisition and validation, the calculation of state variables and at the 
heart of the procedure the control algorithm. Results from the algorithm are displayed 
in the form of decision advices and additional background information for the 
operator. The final block of the procedure treats the logging of the user’s action for 
subsequent analysis and evaluation. 
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